Combining whole genome data with previously obtained amplicon sequences has the 20 potential to increase the resolution of phylogenetic analyses, particularly at low taxonomic 21 levels or where recent divergence, rapid speciation or slow genome evolution has resulted in 22 limited sequence variation. However, the integration of these types of data for large scale 23 phylogenetic studies has rarely been investigated. Here we conduct a phylogenetic analysis of 24 the whole chloroplast genome and two nuclear ribosomal loci for 65 Acacia species from 25 across the most recent Acacia phylogeny. We then combine this data with previously 26 generated amplicon sequences (four chloroplast loci and two nuclear ribosomal loci) for 508 27
Introduction 39
Phylogenetic analysis of plant species has traditionally used highly variable DNA 40 sequence data found throughout chloroplast introns and intergenic spacer regions ( few species will result in a phylogeny that is more sensitive to homoplasy. Thus, the ideal is 51
clearly to use the maximum number of genes across the maximum number of taxa. 52
There has been considerable debate regarding the most efficient way in which to 53 increase resolution in phylogenies and to reduce error (Graybeal, 1998 
Effect of increased taxa on phylogenetic accuracy 171
Our second analysis was designed to provide a baseline for comparing the effect of 172 additional taxa on the integrated dataset. This was achieved by constructing a phylogenetic 173 tree using specimens from both datasets but only at the six loci used by Mishler et al. (2014) . 
Super matrix integration of increased taxa and characters 183
The integration of the datasets was firstly performed by simply combining the 510 184 specimens of Mishler et al. (2014) In order to test whether the addition of characters or taxa was responsible for any 223 changes observed in support and resolution of the integrated phylogenies, we firstly created 224 separate phylogenetic trees from both our dataset and that of Mishler et al. (2014) 
Super matrix analysis (ExaBayes) 272
The super matrix analysis using ExaBayes produced the tree with the most variation 273 from the other combined trees (RF = 200-217; Table 1 ), and overall support was still low at 274 42.0% (Appendix E). The major clades were all present and the A. longispinea and A. 275 victoriae / A. pyrifolia clades showed posterior probabilities of 0.95 or more (Fig. 2) . The 276 smaller clades were also highly supported in four out of the seventeen clades (A, C, D, K; 277 Fig. 3c) . Seventeen of the species present in both datasets formed monophyletic groups, while 278 nineteen others were present in the same larger clades as other conspecific individuals 279
(Appendix E). 280 281
Constraint analysis 282
In order to incorporate the genomic data while also avoiding large proportions of 283 missing data within the overall dataset, the 3, 956 bp alignment was analysed using RAxML, 284 with a topology of the 96 genomes analysis as a constraint. To develop the constraint, we 285 analysed all 96 whole plastid genomes separately. The complete MAFFT alignment of all 96 286 genomes resulted in an aligned length of 187,573 bp. This tree was highly supported in 287 96.8% of nodes (Appendix F). Sixteen out of the seventeen smaller clades showed a high 288 level of support for their topology with the lowest posterior probability observed in the tree 289 being only 0.62 (Fig. 3e) . Given the high support for this tree, we were confident that this 290 topology provided a good constraint for the backbone of the larger dataset. Using this tree as 291 a constraint on the 3,956 bp alignment produced an identical topology to the whole genome 292 tree, but with far lower overall support (20.0% of nodes were highly supported; Appendix G). 293
This tree showed the greatest similarity to the small amplicon sequence tree (RF = 144; Table  294 1), with the major clades again showing high support in the A. victoriae / A. pyrifolia clade 295 (bootstrapping support of 100%; Fig. 2 ), while the smaller clades had lower support ranging 296 from 1% to 100% (Fig. 3d) . Of the 41 specimens present in both datasets, 17 formed 297 monophyletic clades and 21 others were present within the same clade as conspecific 298 individuals (Appendix G). 299 300
Discussion 301
Of key interest to this study is the extent to which using this genomic data increased the 302 support of the Acacia phylogeny. In order to determine whether increase in characters or taxa 303 was responsible for any perceived increase in support and resolution, we firstly compare the 304 support and resolution of two trees that differed only in the number of characters used to 305 build them (Fig. 1) . Our results clearly showed that, with 94.5% of nodes showing a posterior 306 probability of more than 0.95 (Fig. 1) , the use of a much larger volume of data produced 1.5X 307 the number of highly supported nodes compared to when only six loci were used (where only 308 61.0% of nodes were highly supported; clades L+M became sister to clade K, and clades N+O sister to clade P. Despite the change in 339 tree topology, the RAxML tree did not show any more significant support than was seen in 340 the small amplicon sequence tree. 341
The ExaBayes super matrix analysis revealed an identical topology to the RAxML 342 analysis with regards to the small clades (Fig. 3c) , however the RF calculation clearly showed 343 that the position of the tips within those clades was quite different (RF = 200; Table 1 (Fig. 3) , suggesting that this tree was a better phylogenetic reconstruction 347 than the RAxML tree. It should be noted however, that some of this may potentially have 348 been an artefact of the Bayesian method, which has previously been identified as exhibiting 349
higher support values than when using maximum likelihood methods (Douady et al. (Fig. 3c) . 353
As expected, from the phylogenies based only on the taxa held in common to both 354 datasets, the whole genome tree showed the greatest support of any of the trees. This 355 phylogeny showed high support for sixteen out of the seventeen minor clades (Fig. 3) . By 356 using this tree as a constraint on the amplicon sequence data, we were able to remove any 357 error caused by large proportions of missing data, while also maintaining the highly 358 supported backbone identified in the whole genome phylogeny (Appendix F). The 359 relationships between the minor clades were very similar to that seen in the super matrix 360 analyses with the exception of clade C which became sister to clades D-M (PP = 0.62). The 361 topology of the highly supported whole genome phylogeny was reflected in the constraint 362 tree; however the constraint lacked the high support values found in the whole genome tree 363 due to our reliance on a subset of the sequence length used in the whole genome tree. 364
However, given that the topology of the minor clades was highly supported in the whole 365 genome tree, we conclude that the constraint tree enabled the best integration of genomic and 366 small amplicon sequence data. 367 368
Conclusions 369
Our study shows that the use of whole chloroplast genome data for phylogenetics 370 provides a far greater support and resolution than can be achieved using a small number of 371 amplicon sequences. The results of our analyses suggest that the whole genome sequences 372 play an important role in identifying highly supported nodes in the backbone of large 373 phylogenies. The integration of data types showed typically low support, however higher 374 support was seen using Bayesian methods, and the best supported topology was achieved by 375 using genomic sequences to build a highly supported backbone, upon which a large number 376 of small amplicon sequences can be constrained. Our analyses have clearly shown the 377 potential of genomic and amplicon data integration in phylogenetic studies of large genera, 378 however this method is likely to also improve resolution and support of phylogenies 379 displaying weak backbone support and where closely related species require additional 380 characters to fully understand the phylogenetic relationships between them. We believe that 381 the integration of genomic and amplicon sequences provides a practical means of bridging 382 the gap between the large number of amplicon sequences currently available and the ever-383 increasing number of genomic sequences that continue to be created. 1.00 1.00 1.00 1.00
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